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Abstract—We present a new back junction approach for
reducing SEU-induced charge collection in SiGe HBTS, and
demonstrate its effectiveness in a state-of-the-art 200 GHz SiGe
HBT using full 3-D device simulation. An additional nt layer is
used below the p-type isolation layer to form a back junction. The
back junction limits potential funneling to within the p-type layer,
which effectively limits the total amount of drift charge collection
that is now shared by the collector-to-substrate junction and the
back junction. The back junction also cuts off the diffusion charge
coming from the substrate, further limiting charge collection by
the HBT collector. A thinner p-type ‘“substrate” layer and a better
contact to the added nt layer are shown to help reduce charge
collection by the HBT collector, the sensitive node.

Index Terms—Charge collection, charge sharing, SEU, SiGe
HBT.

1. INTRODUCTION

IGH-SPEED SiGe HBTS have demonstrated excellent

hardness to both total dose and displacement radiation
without intentional hardening, making them very attractive for
space applications. Single-event upset, however, is a potential
concern, because of the existence of the nt buried layer to
p-substrate junction [1]-[3]. This SEU problem is particularly
worse for heavy ions that penetrate deeply into the substrate, as
it is typically lightly doped (p-type). The light doping leads to
a wider depletion layer and a large amount of charge collection
after a heavy ion strike. A natural approach to SEU hardening
is to fabricate the SiGe HBT on an SOI substrate [4]-[7], thus
eliminating the n* buried layer to p-substrate collecting junc-
tion. A practical problem with the SOI SiGe HBT is compat-
ibility with SOI CMOS processes, which, however, often use
a very thin silicon film, making collector resistance high. Re-
cently, the buried oxide was etched away to form a low resis-
tance n* collector in the p-substrate underneath the buried oxide
in a SiGe technology [8]. This SOI approach, however, makes
the SiGe HBT on SOI equivalent to a bulk SiGe HBT from a
charge collection standpoint.
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We propose in this work a new back junction approach to
reducing charge collection in SiGe HBTS, and demonstrate its
effectiveness in 200 GHz SiGe HBTS using full 3-D device
simulation. The basic idea is to add another nt layer below
the p-type “substrate,” to form a back pn junction, as detailed
below. The underlying physics is similar to that in the back
junction SiGe channel p-MOSFET proposed previously, where
the back junction is used to reduce the vertical electric field
for enhanced hole confinement in the SiGe quantum well [9],
[10]. This back junction structure is designed to reduce charge
collection in several ways. First, the total amount of charge that
can be collected is now limited by the thickness of the p-layer.
Second, the charge deposited in the p-layer will be collected
by both the normal n™ buried layer to p-layer junction and
the added back junction, further reducing charge collection by
the sensitive transistor collector node. In addition, the path of
diffusion from substrate toward the collector in the conventional
SiGe HBT is cut off by the back junction. Using 3-D device
simulation, we examine here the impact of the back junction
design and p-layer thickness on charge collection, and perform
a quantitative comparison at the 200 GHz SiGe technology
node of charge collection between a back junction SiGe HBT
and a conventional SiGe HBT.

II. DEVICE STRUCTURES

To verify the effectiveness of the proposed back junction
approach, we have simulated the charge collection characteristics
in a state-of-the-art 200 GHz bulk SiGe HBT, with and without
the proposed back junction. The SiGe HBT features a 200
GHz peak cutoff frequency (fr). Figs. 1 and 2 show the 2-D
cross-sections of the conventional SiGe HBT and the back
junction SiGe HBT, respectively, which are obtained from cuts
made through the center of the 3-D structures. This 200 GHz SiGe
HBT features a raised extrinsic base to reduce base resistance
and collector-base capacitance [11]. The conventional SiGe
HBT has a lightly doped p-type substrate, an n* buried layer for
reducing collector resistance, a selectively implanted collector,
epitaxial intrinsic and raised extrinsic base, a polysilicon emitter,
and shallow and deep trench isolation.

Figs. 3 and 4 show the 3-D structures of the conventional
SiGe HBT and the back junction SiGe HBT. The active emitter
area is 0.12 x 0.6 um?2, which is only a small portion of the
total silicon area enclosed by the deep trench (1.5 x 4.34 ym?).
The cut-planes used to generate the 2-D cross-sections are also
shown. For obtaining high speed, the conventional SiGe HBTS
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Fig. 1. The 2-D cross-section of the conventional SiGe HBT.
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Fig. 2. The 2-D cross-section of the back junction SiGe HBT.

in this technology have double base contacts and double col-
lector contacts. The contact to the nT layer of the back junc-
tion is made from the top on the left side, and the contact to the
p-layer of the back junction is made from the top on the right
side. The emitter and base contacts are simulated as a plane with
zero thickness, and are not visible in Figs. 3 and 4. As discussed
below, contact to the n™ layer of the back junction can also be
made surrounding the deep trench isolation ring of the active
device. This, together with a wider n™ sinker, help to enhance
charge collection by the back junction. As a result, the collector
charge collection is further reduced.

III. 3-D SIMULATION

The 3-D SiGe HBT structures were constructed based on
device layout, process information, and careful calibration of
I -V, fr—Ic,and the M — 1 — Vg to measured data. The
electrical characteristics were simulated using DAVINCI [12].
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Fig. 3. The 3-D structure of the conventional SiGe HBT.
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Fig. 4. The 3-D structure of the back junction SiGe HBT.

To mimic worst case deep ion strikes that traverse the entire de-
vice, we have assumed charge deposition throughout the whole
simulated structure. Initial simulations were performed on a 50
pm thick structure and a 100 pm thick structure, and no differ-
ence was observed in charge collection, confirming that 50 ym
is sufficient to realistically mimic the real substrate. We chose a
0.1 pC/um charge deposition, which is equivalent to an LET of
10 MeV-cm?/mg for its relevance to orbital applications. The
charge track was generated over a period of 10 psec using a
Gaussian waveform. The 1/e characteristic time scale is 2 psec
and the 1/e characteristic radius is 0.2 um. These choices are
somewhat arbitrary, but expected to produce reasonable charge
collection results. A smaller radius, e.g., 10 nm, does not af-
fect charge collection result, so long as it is much smaller than
the distance between the deep trench isolation edges, which is
at least 1 pm. The charge deposition can be viewed as instant
as the time scale involved is on the order of pico seconds, and
much smaller than the drift charge collection time, which is on
the order of nano seconds. The peak of the gaussian occurs at 4
psec. The simulator does not at present support the variation of
these constants with LET, or non-Gaussian waveforms of charge
track generation.

An ion strike through the center of the emitter is assumed and
fine gridding is placed around the charge track. The physics sim-
ulated includes concentration dependent Shockley-Read-Hall
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recombination, Auger recombination, the Philips unified mo-
bility model, velocity saturation, and bandgap narrowing.
Unless specified, the p-type “substrate” contact was biased at
Vee = -5V, and all other terminals were grounded. This
represents a worst bias situation in a SiGe HBT digital circuit.
Each transient simulation was performed until the current
decayed to zero. The simulated transient waveforms are con-
stantly monitored during simulation, and the simulation was
terminated when charge collection was judged to be complete.
As we will show below, charge collection is significantly faster
in the back junction SiGe HBT than it is in the conventional
SiGe HBT.

IV. RESULTS AND DISCUSSION

A. Charge Collection Characteristics

We first consider the back junction SiGe HBT shown in Fig.
4. For a relatively straightforward comparison with the conven-
tional SiGe HBT, we first consider a 8 um thick p-layer so that
the deep trench thickness can be kept the same as in the con-
ventional HBT. The supporting substrate below the p-layer is
assumed to be n for simplicity in simulation. For reducing col-
lector charge collection, this n* layer only needs to be a few mi-
crons thick, similar to the n collector buried layer, and can sit
on top of a p-type supporting substrate. The doping of this layer
does not need to be as heavy as the n* collector. Charge collec-
tion can occur through the additional junction for deep strikes.
This, however, does not affect the transistor collector charge col-
lection, despite increased charge collector by the p-layer due to
additional charge collection through the back junction n layer
to p-type supporting substrate junction. A shunt between the
back junction p-layer and the p-type supporting substrate can
occur upon ion strike, depending on the biasing difference, sim-
ilar to the shunt between the p-type SiGe base and the p-sub-
strate in a conventional SiGe HBT. The effect of such shunt
on charge collection, however, is negligibly small in general,
as shown by the small amount of base and emitter charge col-
lections. Furthermore, any additional electrons brought closer
to the surface due to this shunt effect would meet the n™ back
junction first before reaching the transistor collector. We thus
do not expect significant effect of this shunt on the transistor
collector charge collection. A 2.0 m wide n™ sinker was used
on the left side of the deep trench to make contact with the n™
layer of the back junction. We will refer to this terminal as the
“back junction” contact here-after. We will continue to refer to
the p-layer as the “substrate” for consistency with notation used
in the conventional SiGe HBT. As we will show below, a thinner
p-layer is desired for both reduced charge collection and easier
device fabrication.

Fig. 5 shows the transient terminal currents as a function of
time and Fig. 6 shows the charges collected by individual ter-
minals as a function of time. Observe that charge collection is
complete within 2 ns, and is mostly due to drift. Most of hole
charge collection occurs through the p-type substrate terminal.
The base collects a small amount of hole charge, and the emitter
collects a small amount of electron charge. The collector col-
lects 0.8 pC electron charge, while the back junction collects
0.4 pC electron charge.
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Fig. 5. Transient terminal currents as a function of time for the back junction
SiGe HBT. The p-layer of the back junction is 8 pm thick.
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Fig. 6. Charge collected by the terminals as a function of time for the back
junction SiGe HBT. The p-layer of the back junction is 8 pm thick.

B. Back Junction Nt Sinker Design

The simulation details show that the resistance of the n*
sinker for contacting the n™ layer of the back junction is impor-
tant for the overall charge collection through the back junction.
To explore this, we increased the n sinker width to 4 ym and
placed the n™ sinker on the left, top, and right of the deep trench
isolation ring, effectively reducing the impedance to the back
junction. The terminal charge collection results are summarized
in Table I, together with the results for the conventional device.
The amount of collector charge collection decreases from 0.78
t0 0.52 pC with the 4 ym n sinker placed around the perimeter
of the deep trench ring surrounding the active area of the HBT.

Fig. 7 compares the collector charge collection of the back
junction SiGe HBT and the conventional SiGe HBT. Both back
junction n sinker designs are shown. With the 4 ;zm n™ sinker
back junction design, the amount of collector charge collection
is 0.52 pC, a significant (3x) reduction compared to 1.56 pC



2156

1.6
4 \ O Gonventional sie HBT
o 12 diffusion
= drift
ri
ag)) 1 /
o . .
S os 2um wide left sinker
% ool
3 06 4um wide perimeter sinker
©
O o4 Back Junction SiGe HBT
8um thick p-layer
0.2
0 . . .
0 50 100 150 200
Time (ns)
Fig. 7. Comparison of collector charge collection in the back junction SiGe

HBT and the conventional SiGe HBT. The p-layer of the back junction is 8 ptm
thick.
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Fig. 8. Comparison of potential contours at 4 psec in the back junction SiGe
HBT and the conventional SiGe HBT. The p-layer of the back junction is 8 gm
thick.

in the conventional device. In addition, note that in the con-
ventional SiGe HBT charge collection takes much longer be-
cause of the much slower diffusive charge collection within the
lightly doped substrate. In the back junction SiGe HBT, how-
ever, charge collection primarily occurs within the p-layer. The
potential funneling in the collector n* to p-substrate junction
can interact with the potential funneling in the back junction,
thus significantly speeding up the overall charge collection. This
should produce an obvious advantage for SEU. A comparison
of the potential contours at 4 psec between the back junction
and conventional SiGe HBTS is given in Fig. 8. This time in-
stant corresponds to the peak of the Gaussian waveform for elec-
tron-hole pair generation.
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TABLE 1
TERMINAL CHARGES COLLECTED IN pC FOR DIFFERENT n* SINKER
TO BACK JUNCTION DESIGNS AND CONVENTIONAL SiGe HBT

Back Junction Conventional
2.0pum 4.0 ym
sinker sinker
left perimeter
back junction | 0.41 pC  0.48 pC N/A
collector 0.78pC  0.52pC 1.56 pC
substrate 1.12pC 093 pC 1.53 pC
emitter 0.011 pC  0.009 pC 0.041 pC
base 0.085 pC  0.085 pC 0.078 pC
1.6
14}
Conventional SiGe HBT
6 12 F
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Fig. 9. Comparison of collector charge collection for different p-layer
thickness. The nt sinker for contacting the back junction is 2 g#m and placed
on the left side.

C. p-Layer Thickness Issues

The p-layer thickness limits the total amount of drift charge
collection, and thus a thinner p-layer should lead to a further
reduction of collector charge collection. Fig. 9 shows the sim-
ulated collector charge collection characteristics for different
p-layer thicknesses. The n sinker for contacting the back junc-
tion is 2 um and placed on the left side for all of the p-layer
thicknesses. By decreasing the p-layer thickness to 4 um, we
can further decrease the collector charge collection to 0.3 pC,
a significant improvement over the 1.6 pC charge collection in
the conventional device. For the 8 and 6 pm p-layers, the col-
lector charge is approximately equal to the charge deposited in
the p-layer. This cannot be generalized though, as part of the
charge can also be collected by the back junction, as shown in
Table I. A better contact to the back junction was shown ear-
lier to favor more charge collection by the back junction. Due
to the reverse biases on the back junction and the collector-sub-
strate junction, much of the 4 m p-layer is depleted, resulting a
high impedance for holes to exit the p-layer. This, we believe, is
responsible for the less efficient charge collection (0.3 pC col-
lected versus 0.4 pC deposited). As the p-layer thickness de-
creases to below 4 pm, the p-layer doping must be increased and
the reverse bias Vg g reduced to —3 V to prevent punchthrough.
The higher doping helps reducing the impedance seen by holes.
A thinner p-substrate layer is clearly much easier to fabricate if
high-temperature epitaxy is used to form this layer.
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Fig. 10. Comparison of potential contours at 4 psec in the back junction SiGe
HBT with 2 ym, 4 ggm, 6 pm, 8 pem p-layer thickness.

Fig. 10 shows the simulated potential contours at 4 psec in the
back junction SiGe HBT for various p-layer thicknesses. The
results clearly show that potential funneling is well confined in
the p-layer, and the length of the potential funneling region is
proportional to the p-layer thickness, as theoretically expected.
Consequently, a thinner p-layer leads to less collector charge
collection, as was shown in Fig. 9.

D. Device Fabrication Considerations

A straightforward way to fabricate the proposed structure is
to start with a p-type supporting substrate, create a relatively
heavily doped n-layer by diffusion for formation of the back
junction, grow several microns p-type layer, and then create the
n collector buried layer, again by diffusion. The rest of the pro-
cessing would be the same as for a conventional SiGe HBT. Al-
ternatively, one might form the back junction n-layer by a high
energy n-type implantation. If necessary, another p-type implant
could be used to increase the doping level of the p-type “sub-
strate” layer. The nt collector buried layer can then be made
the same way as for a conventional SiGe HBT. Only the sinker
formation for contacting the back junction and p-layer requires
additional masks. The area penalty is not as significant as it may
appear, because these added contacts are not essential to device
operation, and can be placed in the same manner as the substrate
contact. That is, these contacts are shared by all devices on the
same chip, and only need to be placed with a reasonable density
to ensure good global contact. Any unused spaces between de-
vices can also be used to further improve contact to the p-layer
and the back junction.
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V. SUMMARY

‘We have presented a new back junction approach for reducing
charge collection in SiGe HBTS, and simulated its effective-
ness in a 200 GHz SiGe process technology. The back junction
limits potential funneling to within the p-layer, thus placing an
upper limit to the total amount of drift charge collection. The
path of diffusion charge collection in the conventional HBT is
also cut off by the back junction. A wide n™ sinker around the
deep trench perimeter helps by enhancing back junction charge
collection, hence further reducing charge collection at the sen-
sitive collector node. A thinner p-type “substrate” layer also ef-
fectively decreases collector charge collection.
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